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Abstract
As users begin to use many more devices for personal
information management (PIM) than just the traditional
desktop computer, it is essential for HCI researchers to
understand how these devices are being used in the wild
and their roles in users’ information environments. We
conducted a study of 220 knowledge workers about their
devices, the activities they performed on each, and the
groups of devices used together. Our findings indicate that
several devices are often used in groups; integrated multi-
function portable devices have begun to replace single-
function devices for communication (e.g. email and IM).
Users use certain features opportunistically because they
happen to be carrying a multi-function device with them.
The use of multiple devices and multi-function devices is
fraught with compromises as users must choose and make
trade-offs among various factors.
1 Introduction
The past few years have seen an increase in the usage of
mobile devices for information management tasks. Al-
though traditional desktops have continued to be a main-
stay of users’ information environments, other devices
play an increasingly important role. As more and more
devices are brought into a user’s personal information
ecosystem [12], it is important to understand the role each
device plays in it, individually, as well as in relation to the
other devices present.
Users tend to use their devices in certain commonly-
occuring configurations: e.g. at the office, a user might
use her desktop computer and personal digital assistant
(PDA); on the road or at conferences, a researcher may
use a laptop and a cellphone; etc. Some combinations
and groups may be mandated by the manufacturer, and in
fact, one may not function without the other. The iPod
portable music player and iTunes music library software
are an example of this sort of mandatory pairing. Studying
the ad hoc formation of these groups can help designers
of future products design for a group of devices together
rather than for each device individually [9].
In this paper, we report some of our findings from a
survey of 220 knowledge workers about their device us-
age habits and practices. Almost everyone used more than
one device (at least a computer and a cellphone), and sev-
eral participants used three or more devices. We asked
them about the activities they commonly performed on
each of their devices, and the groups of devices that they
tended to use together. A lot of users reported having to
make compromises between various factors when choos-
ing a device or a combination of devices to work with.
2 Background
Our work lies at the intersection of personal information
management (PIM) and multi-device (or multi-platform)
user interfaces and covers an area that has not been stud-
ied by either community.
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2.1 Personal Information Management
Recent research in Personal Information Management
(PIM) has identified the problem of information fragmen-
tation [2], but the original definition only included the
fragmentation of information across different collections,
e.g. files, email messages, and bookmarks all seemed to
be managed within similar, yet duplicate, hierarchies [3].
The issue of information fragmentation across multiple
devices has been reported [7] and preliminary suggestions
to solve it have been provided, but this problem has not yet
been studied in depth to ascertain exactly how and where
the fragments of this information live.
PIM is a significant problem even when only a single
device is in the picture. When multiple devices enter the
landscape, managing information across them is a greater
challenge.
2.2 Multi-Device (or Multi-Platform) User
Interfaces
Most of the research in multi-platform user interfaces has
focused on the specifics of the interaction on each device,
on moving tasks between devices seamlessly, and main-
taining some form of consistency when migrating such
tasks. These user interfaces have been variously called
plastic user interfaces [11], nomadic applications [8], or
multi-browsing interfaces [6]. Various techniques for in-
terface migration have been proposed, including model-
based approaches [4, 8], user interface markup languages
[1], and transformation-based approaches [5, 10].
Thus, while there is a significant body of knowledge
on building multi-device interfaces, not much attention
has been given to the information needs of users on these
devices. Researchers have followed a task-oriented ap-
proach rather than an information-oriented path.
3 Motivation
The questions we hoped to find answers to were mainly
about the usage of multiple devices together. From our
informal data gathering prior to the structured study, we
realized that the presence of certain devices significantly
altered the information management practices of users.
We wanted to study why certain activities on certain types
of information are only performed on a smaller subset of
devices, even though it may be advantageous to perform
them on many more devices. E.g., why do users who of-
ten use a calendar program on their desktop not use it on
their cell phones?
We hypothesize that there exist strong inter-
relationships between devices, and they lead users
to make compromises in their mobile device use. Infor-
mation flows are altered when a new device is introduced
into a user’s environment; equilibrium is then achieved
after a certain period of time.
To provide the background for this study, we start with
a description of the study, the participants, and their de-
mographic composition.
4 Study Description
The study was conducted via a questionnaire survey dis-
tributed widely via employee email lists at several infor-
mation technology companies, and via campus notices in
multiple departments in a university. Since we wanted to
study the usage patterns of users who used multiple de-
vices to varying degrees, we concentrated on the popula-
tion that was most likely to use many such devices in their
everyday life: our audience largely consisted of knowl-
edge workers, including professionals, students, profes-
sors, and administrative personnel. Since the survey was
administered via the Internet, we were able to reach be-
yond just the local population, and received responses
from all across the USA, and from a few other countries
including the UK and India.
4.1 Participant Demographics
220 respondents completed the survey; 53% of respon-
dents were male, 30% were female, and 17% indi-
cated neither. 157 respondents, or 71.3%, reported that
they considered themselves either full-time or part-time
knowledge workers. The study spanned an age range from
18 years to over 58 years old. Though a majority of the
respondents were between 22 and 30 years old, other age
groups were adequately represented (see Figure 1).
The participant pool consisted of users of varying levels
of education completed, from high school to doctoral de-
grees. Due to our focus on knowledge workers, our study
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Figure 1: Number of respondents by age group.
elicited a high number of responses from people who had
completed advanced graduate degrees: Masters 34% and
Ph.D. 10%.
5 Findings
During our analysis, we focused on the use of multiple
devices, if the use of multi-function devices affected the
use of any other devices they carried, groups of devices
that tended to be used together, the activities users per-
formed on each device, and the compromises they made
in all these aspects.
5.1 Devices Used
Figure 2 shows the number of each type of device re-
ported, converted to percentages. Our study found more
laptop users than desktop users. Over 71% of respon-
dents used at least one desktop, while about 96% used
at least one laptop, which is higher than even the num-
ber of cell phones reported. This is representative of the
current trend towards mobility and away from stationary
platforms such as desktops. Portable media players have
made their way into the hands of more than 80%, almost
equal to that of digital cameras.
Handheld computing devices that combine a Personal
Digital Assistant (PDA) and a cell phone, such as the
Blackberry, Palm Treo, Apple iPhone and others, are used
Figure 2: Number of devices in each category reported as
percentages.
by a minority of users, about 22%. PDAs without built-
in cell phone technology are used by fewer users, about
15%.
5.2 The Impact of Multi-Function Devices
Those who use multi-function devices use them exten-
sively for PIM tasks such as email, calendaring and IM,
and also for news and (limited) Web browsing. Some par-
ticipants reported that the presence of these handhelds had
caused them to leave their laptops behind when they did
not expect to work on complex documents (e.g. when
on vacation), but many others reported that they still car-
ried their laptops with them as the tool of choice for more
complex computing activities.
“Treo allowed me to stop carrying a sepa-
rate pager. I still carry a laptop around. How-
ever, when I don’t have the laptop, I can still do
almost everything – except edit documents – on
my Treo.”
These multi-function devices often replaced other sin-
gle-function devices, like cell phones, music players, and
compact digital cameras. Participants reported that they
3
started using more features of their device because they
carried it with them for another purpose (we term this op-
portunistic use). Certain activities also were moved from
one device to another simply because it was now possi-
ble to do so, without the burden of carrying yet another
device. This is an example of an unforeseen (or uninten-
tional) advantage of acquiring a new device.
“I previously owned an iPod and PDA, but
never used them because I didn’t have enough
pockets to keep all my gadgets. With a multipur-
pose gadget, I now use those features because I
actually have them with me all the time.”
“[After buying an iPhone,] music playing
on [the] laptop has been drastically reduced.
My portable music player [has been] com-
pletely replaced.”
The quality of individual functional components of an
integrated device was often compared to that of stand-
alone devices and generally found to be lacking. De-
spite that, the convenience of carrying a smaller device
led users to prefer them on certain occasions.
“The iPhone camera comes nowhere near
my Sony Alpha 100 DSLR, but I have it with me
all the time.”
Features of devices that did not integrate well within
their existing information infrastructure were used less of-
ten. Users reported that synchronizing with their other
devices was an important requirement, irrespective of the
quality of the stand-alone feature.
“I have a Windows Mobile Smartphone with
a full keyboard. [...] Its camera isn’t near as
good enough to replace my digital camera and
the calendar doesn’t sync with my MacBook, so
I don’t use it.”
5.3 Groups of Devices
Several users reported that they used devices together in
groups. Figure 3 shows the most common device groups.
Laptops and cell phones were used together by the most
number of users, almost 24%. The laptop and the cell
phone also appeared the most times in combination with
other devices. The low use of PDAs without an integrated
cell phone for almost all tasks (as compared to the use
of cell phones and PDAs with cell phones) indicates that
these devices are considered less popular.
Home Desktop
Laptop
Cell phone
Media player
Work Desktop
PDA cell phone
52 32 29 25 24 22 20 19 18
Number of participants using these devices as a group
Figure 3: Devices used in groups. Note: groups reported
by fewer than 10 users are not included in this figure.
However, a lot of users were dissatisfied with the cur-
rently available synchronization tools for multiple de-
vices. The high use of the laptop is indicative of the
trend to keep all data on a single device to escape the
need for synchronizing. Similarly, address books on cell
phones were kept separate from those on laptops (or desk-
tops). The same data (or application) was used for two
distinct tasks (sending email from the laptop versus mak-
ing a phone call using a cell phone), and therefore some
users preferred to keep the two contact databases separate,
again a compromise.
“Usually my contacts on the phone are
just with numbers while my contacts on the
computer are just with email addresses (makes
sense since I’m using the former to make calls
and the later to send emails). [...] The name of
the contact is usually different for emails (e.g.
full name instead of only first name or last name
first or use of title in front of name.)”
5.4 Activities Performed
Given the vast array of devices and the features they
each support, we wanted to learn what features actually
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are used. The laptop and desktop were reported as the
ones where most computing activities were performed
(see Figure 4).
Laptop
Cell phone
Media player
Desktop
PDA cell phone
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Figure 4: Activities performed by users on devices. The
diameter of each circle is a logarithmic function of the
number of participants who perform a given activity on a
given device.
Mobile devices such as cell phones and PDAs were
used for contact management, making phone calls, and
calendaring, and to a lesser extent for browsing and in-
stant messaging. None of the users viewed or edited doc-
uments from devices with a smaller form factor than the
desktop/laptop.
Users had trouble browsing through their data on small
devices, and sometimes even skipped adding more data
in order not to “pollute” the pool of data already on the
device.
“I typically will take down someone’s email
or phone number on a sticky note and then affix
it to my cell phone. I find my cell phone’s con-
tact navigation to be a real pain. Thus I find it
tedious/somewhat-pointless to put more people
on there – after all it will just cause me more
pain when I am navigating to people I really
want to call.”
We found several instances of activities performed
across devices: users tethered their laptop to their cell
phone so that the cell phone’s network connection could
be used by the laptop, without having to forfeit the richer
form factor of the latter. Music was moved off the laptop
onto the media player because the media player always
was at hand in addition to the laptop.
6 Conclusion
As seen from the many examples above, the use of mo-
bile devices involves a lot of compromises and hard de-
cisions that users need to make. There exist concerns
stronger than standard metrics such as processor speed,
storage and I/O capabilities that propel users to acquire
or reject particular devices, including whether the device
integrates well into the rest of their information environ-
ment, the features it supports, and the other devices that
it might replace. Recent advances in mobile technology
need to take these into account to design devices and sys-
tems that reduce the number of compromises users need
to make.
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